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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

WIND-TUNNEL INVESTIGATION OF COWTROL-SURFACE CHARACTERISTICS
XI - VARIOUS LARGE OVERHANG AND INTERNAL-TYPE
AERODYNAMIC BALANCES FOR A STRAIGHT-CONTOUR
FLAP ON THE NACA 0015 AIRFOIL

By Richard I. Sears and H, Page Hoggard, Jr.
SUMMARY

Force-test measurements in two-dimensional flow have
been made in the NACA 4~ by 6-foot vertical tunnel to deter—
mine the characteristics. of several different shaped
overhang-type aerodynamic balances applied to a straight-~
contour flap mounted on_an NACA 0015 airfoil. The chord
of the flap was 30 percent of the airfoil chord and the
chord of the overhang was 50 parcent of the flap chord.
Cover plates of several widths were used to cover partly
the break in airfoil contour caused by the sharp-nose over-
haag.

The flap with blunt-nose overhang was overbalanced
throughout certain ranges of flap deflection., The hinge-
moment characteristics were improved at the expense of. in-
creased drag by sharply tapering the nose profile of the
overhang. The hinge-moment characteristics of a flap with
e long sharp-nose overhang can be nearly reproduced by
using a somewhat shorter blunt-nose overhang.

The addition of cover plates over the nose of the flap
having a long overhang of sharp profile materially reduced
the drag of the airfoil with uncovered flap overhang. TUnless
the gap at the flap nose was sealed, the addition of cover
Plates caused the 1ift available for control to be less than
for the same flap without cover plates. The addition of
cover plates adversely affected the hinge-moment character—
istics of the flap with sharp-nose overhang unless the air
leak through the gap at the flap nose was sealed. This
fact is particularly evident for the widest cover plates.
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INTRODUCT 10N

The NACA has instituted an extensive lnvestigatlon of
the section aerodynamic characteristicsg of various flap
arrangements in an effort to determirne the types besgt suited
for control surfaces and to supply experimental data for de-
sign purpvses. The results of this investigation that re-
late to the present report are given in the referencses.

This paper presents the aerodynamic characteristics of
an WACA 0015 airfoil with a straight~contour flap having a
chord 30 percent of the airfoil chord (0.30c) and an over-
hang of various nose shapes that is 50 percent of the flap
chord (0,50cy¢). Cover plates of three widths and gaps of
four sizes at the flap nose were tested with the sharp-nose
balance,

A blunt-nose balance was first investigated and gave
values of flap hinge—moment coefficient that showed over-~
balance at negative angles of attack. Several balances of
more tapered profile were then tested and found to have
improved flap hinge-~moment characteristics. The increased
drag, due to the break in the airfoil contour caused by.the
tapered~profile talance, was, however, excessive and led to
the use of cover plates in an effort to reduce the drag by
partially covering the bdbreak in the airfoil contour, (over:
plates of several widthe and gaps of several sizes at the
flap nose were tested to determine the aerodynamic character-
istics of these airfoil-flap combinations.

APPARATUS AND MCDBL

The tests were made In the NACA 4~ by 6~foot vertical
tunnel {reference l). The test section of this tunnel has
been converted from the original open, circular, 5~foot—~
diameter jet to a closed, rectangular, 4- by 6~foot throat
for force tests of models in two-dimensional flow, A three-
component balance system has been installed in the tunnel to
measure 1lift, drag, and pltching moments. The hinge moments
of the flap were measured with a special torque~rod balance
built into the modsl. . -

The 2~foot-chord by 4~foot-span model was made of
laminated mahogany to a modified ¥ACA 0015 contour. (See
table I.) The modified airfoil was of NACA OOl5 contour
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forward of the 0,70c¢c station and had a stralght contour
from the 0,.70¢c station to the trailing edge, which has the
samo thickness as the unmodified NACA 0015 airfoill,

The various balance-nose shapes (fig. 1) were made as
interchangeable blocks and were fastened to the flap with
scraws, The model was cut at the 0,50c station and the
space from this cut to the flap nose was filled with inter-
changeable tail blocks, In this way it was possible to
vary the gap at the balance nose by using taill blocks of
varying chordwise length, '

The 1/16-inch steel cover plates were rolled to0 approxi-
mate the airfoil contour and were made in three widths. The
narrov plates covered one~half the distance from the rear
outer edge of the tail block to the flap hinge axis measured
along the chord line (fig, 1), The medium plates covered
three~fourths the distance; the wide plates, soven-~sighths
the distance, The distance from the tralling edge of these
plates to the flap hinge axis was 0.072¢, 0,.036c, and 0,018¢c
for the narrow, the medium, and the wide cover plates, re-

spectively.

Because of the shapse of the sharp~nose balance, the
distance from the trailing edge of the cover plate normal to
the sharp-nose balance varies with flap deflection (fig. 2).
This distance is referred to in this paper as the fvent width."
When the flap 1s not deflected, the vent width is 0.0052c¢ with
the wide cover plates in place, 0.0130c with the medium cover
plates, and 0,0260c with the narrow cover plates. The vent
width varies inversocly with the wildth of the cover plates.
With- flap neutral, the ratio of the gap at the flap nose to
the width of the vent for the varlious arrangements tested is
glven in table 1II.

For tests with the gap at the flap nose sealed, a rubber-
shaet seal was attached to the nose and the ends of the sharp-
nose balance and to the tail block and the end plates of the
airfoll, Care was taken to keep the rubber sheet slack enough
to prevent interference with the readings of flap hinge moment
at all flap deflections.,

The model, when mounted in ths tunnel, completely spanned
the test section, With this type of installation, two-
dimensional flow is approximated and the section characterig—
tics of the airfoil and flap may be determined, The model was
attachod to the balance frame by torque tubes that extended
through the sides of the tunnel., Ths angle of attack wvas sot



from outside the tunnel by rotating the torque tubes with
an oclectric drive., Plap doflections were set inside the
tunnel by templets and were held by a friction clamp on

the torque rod that was used in measuring the hinge moments.

TESTS

The NACA 0015 airfoll model with a 0,30c straight-
contour flap was tested with a2 0.50cf blunt-nose balance on
the flap. ©Several modifications of the blunt-nose balance
(fig, 1) were tested to determine the effect of sharper noss.
shapes on the flap hinge~moment characteristics.

Only the flap hinge moment was read when the flap was
tested with the blunt- end the modified-nose balances, The
values of lift, drag, pitching moment, and flap hinge moment
were reoad when the sharp-nose balance was tested both with
and without cover plates.

The tests were made at a dynamic pressure of 15 pounds
per sgquare foot, which corresponds to an air velocity of
about 76 miles per hour at standard sea~level conditions.
Tha offective Reynolds number of the tests was approximatoly
2,760,000, (Effective Reynolds number = test Reynolds num-
ber X turbulence factor. The turbulence factor for the 4-
by 6=foot vertical tunnel is 1,93.)

The blunt-nose flap was set at deflections from 0° +to
30° in 5° increments. The modified~ and sharp-nose shapes
wvere set ai deflections of 0°, 2°, 50, 10°, 15°, and 20°.
WVith the narrow cover plates in place, the deflections were
the same but, with the medium and the wide cover plates, it
was not possible to reach 20° before the rear portion of the
flap-nose balance touched the trailing edge of the cover
plate, The maximum deflections were thus limited to 15° for
the tests with the medium znd the wide cover plates. )

The blunt-, modified-~, and sharp-nose flaps were tested
with a 0.005¢c gap throughout the deflection range. For each
flap deflection, force tests were made throughout the angle-
of-attack range at 2° increments from negative stall to posw~
itive stall. When sither stall position was approached, the
increment was reduced to 1° angle of attack.
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RESULTS

Symbols

Phe coefficlients and symbols used in this paper are
defined as follows:

cy airfoil section 1ift coefficient (1/qc)
cd, alrfoil section profile~drag coefficient (dy/qc)

Cn airfoil section pitching-moment coefficient (m/qc?®)

. Chg flap section hinge-moment coefficient (hg/qce®)

where
1 airfoil section 1ifs
do alrfoll gsection praofile drag

m ailrfoll saction pltohing moment about gquarter—-chord
point of airfoil

he flap section hinge moment
¢ chord of basic airfoil with flap neutral

Cs flap chord

q dynamic pressure
and
%o angle or attack for airfoll of infinite aspect ratio

8¢ flap deflection with respect to airfoll

(%
C'La,— —5-—-6f
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c —3 ——
la(free) a@;chf=0
Bchh
Che = \—
<§chf\
C =
AY
8
il cy

The subscripts outside the parentheses indicate the
factors held constant during the measurement of the param- o,
eters.

. Precision

The accuracy of the data is indicated by the deviation
from zero of 1lift and moment coefficients at an angle of
attaclk of 0°, The maximum error in effective angle of
attack at zero 1ift appears to be about 20,29, PFlap deflec~-
tions were set within *0,2°., Tunnel corrections, experi-
mentally determined in ths 4- by 6-foot vertical tunnel, were
applied only to lift., The hinge moments are probadly slight-
ly higher than would be obtained in free air and, consequently,
the values presented are considered conservative, Roelative
vaelues of drag should be reasonably independent of tunnel.
effect, although the absolute value is subject to an un-
known correction,

Presentation of Data

Flap section hinge-moment coefficients as a function
of angle of attack for a 0,30c straight-contour flap on the
NACA 0015 airfoil having 0.,50csy blunt- and modified-nose bal-
ances are presented in figures 3 to 6. Section aerodynamic --
characteristics of the same airfoil and the same flap with a
0.50cs sharp-nose overhang without cover plates are given in
figure 7 and with cover plates of various sizes in figures 8
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to 19, Some of the data in figures 8 to 19 are replotted
ln figure 20 to show the effects of vent width and gap size
on the variation of Che with o, throughout the range of

flap deflections for three angles of attack. Aerodynamic

parsmeters for the various combination of balance-nose shapes,

gapsy, and vent widths are presented in table III. The velues

of ths and Ch, from table III are presented in figure
£ a

2l as a function of cover-plate wldth and gap size. Incre-

ments of minimum airfoil section profile-drag coefficilent

over that of the sealed plain flap on the same airfoil are

given as a function of gap size and nose shape in figure 22

for the various cover-plate widths,

SECTION AERODYNAMIC CHARACTERISTICS
Lift

The slope of the lift curve (table III) for most of the
control surfaces with cover plates (figs. 8 to 19), regard-
less of nose-gap condition, was greater than that of the
control surface without cover plates (fig. 7) and with a
0.005¢c nose gap, The slope Clg, tended to increase slightly

as the cover plates ware made wider and as the gap at the flap
nose was reduced. In consideration of sirplane stability with
fixed control 1t appears, therefore, thet wide cover plates
over a long sharp-nose balance are desirable if the gap at

the nose of the balance cannot be sealed, Previous data
(referonces 2 and 3) indicate, however, that if the gap can

be sealed ¢y should be nearly the same with or without
cover plates,®

From the consideration of obtaining 1lift for control,
the flaps with cover plates and sealed gap at the nose gave
Just about the same 1lift characteristics as the flap without
cover plates and with a large nose gap. Of all the arrange-
ments tested, the flap with shortest cover plate and sealed
gap (fig., 8) gave the greatest shift in angle of zero 1lift
for large flap deflections and the gresatest lift at zero
angle of attack. The 1ift effectiveness of the flap at
small deflections ag showed a tendency to decrease as the
nose gap was made larger (table III). These tests indicate,
therefore, that unless the gap at the flap nose is sealsd,
the addition of cover plates over the nose of a flap with a
long sharp overhang causes the 1lift available for control to
be less than that of the same flap without cover plates., It
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is to be expected that decreasing the nose gap would improve
the 1ift characteristics of the flap without cover plates.

It should be noted that the maximum deflection of the
flap, which largely determines the maximum shift in angle of
zero lift, is limited to 20° by the cover plates. If the
design of the flap-nose shape were altered, the flaps with
medium and with wide cover plates could be deflected 209,
Previous data for a-thinner airfoll (references 3 and 4)
indicate that, without cover plates, a flap with a long
sharp-nose overhang is effective when deflected 5° or 10°
beyond the unporting angle (20° in this case) if the flap
deflection and the angle of attack are of opposite sign.
The use of cover platss may, therefore, impose undesirable
restrictions on the maxzximum 1ift that can be obtained by
the elevator for landing or by the rudder for causing side-
slip.

The slopes of the 1ift curve with flap free have been
computed from other slopes measured from the data presented
and are given in table III., In every case tho addition of
cover plates over the sharp-nose overhang caused this slope "
to be less than the slope for the same flap without cover
plates because the flap with cover plates had a large value

of che or a small value of chfs o These results indicate,
a £

therefore, that the control-free stability of the airplane
should be less for the control surface equipped with cover
plates of the type tested than for the same flap without
cover plates.

Flap Hinge Moments

The hinge-moment parameters Che and chfo for all

(o

the control-surface arrangements tested are shown in table III.
The tabulated values were measured at 0% angle of attack and
0° flap deflection and are, therefore, applicable over only
the small range in which the curves are linear. The param~
eters are, however, indicative of the relative merits of the
various balence arrangements.

The flap-nose overhang without cover plates (figs. 3 to
7) developed its greatest balancing moments when the flap
deflection and the angle of attack were of opposite sign,
This effect 1s typical of the flap-nose-overhang type of -
aerodynamic balance. The shape of the flap nose had a marked
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effoct on the magnitude of the balancing moment. For
positive flap deflection, the blunt-nose shape gave pro-
nounced overbalance at negativa angles of attack but gave
relatively little balance at positive angles of attack.

As the flap-nose shape was tapered, the flap became less
overbalanced at negative angles of attack but, at positive
angles of attack, the hinge-moment characteristics remained
nearly the same, The nose shapes for the 0.50cg overhang,
which gave reasonably acceptabls hinge-~moment curves (figs.

6 and 7), gave hinge-moment characteristics substantially

the same as those for the 0,35cy blunt-nose overhang (refer-
ence 5), Hence these results tend to indicate that hinge- )
moment characteristics of a large flap-nose overhang of
tapered profile can-be nearly reproduced by a smaller nose
overhang of blunt profile. A rudder with a long sharp-nose
overhang should have slightly less tandsency toward rudder
lock in a forced sideslip and should require slightly less
pedal force to hold zero sideslip under unsymmetrical power .
conditions than a rudder with a shorter blunt-nose overhang.

In an effort to decrease the drag of the sharp-nose
overhang, cover plates of various widths were fitted over
the nose of the balance. This arrangement caused the aero~-
dynamic balance to resemble an internal balance both in form
and in hinge-moment- characteristics (figs. 8 to 19). The
extent to which this resemblance occurred varied directly
with the width of the cover plates, The widest plates gave
characteristics most nearly like those of an internal bal-
ance; whereas the narrowest cover plates gave characteristics
more nearly like those of the uncovered sharp-nose balance.

With a sealed gap at the nose of the balance, the pres~
sure on that part of the balance nose under the cover plates
is expected to be the same as that sxisting on the airfoil
surface at the rearward edge of the cover plate, The dis-
tribution of resultant pressure over the surface of an air-
foil in two-dimensional flow 1s discussed in refersnce 6.
From the experimental date presentcd in this reference, 1%
can be seen that the rate of change of rsesultant pressure with
angle of ettack increases toward the nose of the airfoil and
that the rate of chonge of resultant pressure with flap de- =
flection increasss toward the flap hinge axis., As was expected
with a sealcd gap at tho nose of the balance, the balance with
the widest cover plates, which was effectively vented nearest
the hinge axis, thus gave the smallest value of chfo and

the largest value of chf (table III). The.balance with
ol
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the narrowest cover plates, which was effectively vented
nearest the airfoil nose, gave the largest value of chfo

and the smallest value of th .
o
The effect of increasing the gap or leak at the nose of
the balance was to decrease ths effectiveness of the balance
(fig. 21). Por the balance with wide cover plates, both
Ch and c¢p were considsrably lncreased; but, for the
To, fﬁf ’

narrowast cover plates, the effect of nose gap was much
smaller, this arrangement being more nearly like an over~
hang without cover plates. Figure 20 illusirates the effects
of a leak through the noge gap on both the lift and the hinge
moments of the flap with cover plates of wvarious sizes.

The hinge-moment characteristlcs of the various sealed
internal balances were computed from the pressure-distridbution
data presented in reference 6. These data were arbitrarily
corrected for change in alrfoll thickness by the ratio of the
hinge~moment slopes for a plain flap on the WACA 0015 and on
the NACA 0009 sirfoils. The calculated hinge-moment charac~ “
$eristics were in fair agreement with the test results for
the cover plates of various widths when the pressure acting
on the balance was assumed to be that at the rearwvard- edge
of the cover plate.

The tast resulis tend to indicate that the addition of
cover plates over a long sharp-nose overhang to form an in-
ternal balance agdversely affects the hinge-moment character-
istics of the control surface unless the air leak through the
nose gap is sealed, This fact was particularly evident for
wide covar plates. The shortest cover plates with the smallest
nose gap gavo hinge-moment characteristics nearly the same as
those of the sharp overhang without cover plates, Subsequent
tests dndicate that the exact posltion of the cover plates,
.that is, whether they lie exactly on the airfoil contour or
are bent slightly in or out, has a critical effect on the
hinge-moment characteristics.

Pitching Moment

The slopes of the curves of pitching moment as a funce
tion of 1ift at constant angle of attack and at constant flap
deflection are given in table III. The aerodynamic center of .-
the 1ift due to angle of attack was at approximately the 0,23c
station for the airfoil having a sharp-nose flap both with and
without cover plates. The aerodynamic center of the 1ift due
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to flap deflection was at about the 0.,4lc station for the
airfoil with cover plates and a sealed gap at the flap nose,
With an unsealed gap or without cover plates, the aerodynamic
center shifted slightly farther rearward. The position of
the aerodynamic center of the 1ift caused by changing the
effective camber of an airfoll is a function of aspect ratio
(refereace 7) and moves toward the trailing edge as the as-~
pect ratio is decreased.

Drag

Because of the unknown tunnel correction, the values
of drag coefficients cannot be considered absolute; the
relative . values should, however, be independent of tunnel
effoct, No drag measurements were made on the blunt~ or
modified~nose balances but their minimum profile~drag co-
efficient values will probably be between the value (refer-
ence 2) of 0,0135 for the 0,50cy blunt-nose balance and the
value .of 0.0162 for the sharp—-nose balance without cover
plates,

The addition of ths cover plates reduced the minimum
profile—~drag ccefficient as was expected (fig. 22). The
profile-drag coefficient dacreased as the cover plates were
made wider, presumably because the break in the airfoil con-
tour between the cover—-plate edge and flap hinge axis be~
came smaller. The airfoil with the straight-contour plain
flap had 2 minimum profile~drag coefficient of 0.0131 with
gap sealed or unssaled (reference 8), From these results
it is apparent that the addition of cover plates over a
long sharp~nose overhang does decrease the minimum drag of
the uncovered balance, The short cover plates reduce the
drag of the sharp-nose balance to a value which is nearly
the same as that of a blunt~nose balance of the same size.
Wide cover plates glive & still greater reduction in drage.

CONCLUSIONS

PThe results of tests of an NACA 0015 airfoil with a
gtraight-contour flap having a cdhord 30 percent of the air-
foil chord and several flap~nose overhangs 50 percsent of the
flap chord indicate the following general conclusions:

1, The addition of cover plates over the nose of a
flap having a long overhang of sharp profile materially

e e v s = T e ST e e s ey e 8 4 2 S Ty A s i e = =
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reduced the drag as compared with that of the uncoversd
overhang; the reduction in drag was greatest for the widest
cover plates. .
[ 9
. 2., When the gap at tThe nose of a long sharp overhang
was not sealed, the addition of wide cover plates increased
the slope of the lift curve. With the gap sealed, however,
the slope should be nearly the same with or without cover
plates,

3, All arrangements of cover plates tested materially
decreased the slope of the 1ift curve with controles free as
compared with that for the sharp-nose flap without cover
plates. The addition of cover plates should, therefore,
decrease the control-free stability of an airplane with
control surfaces having a long sharp-nose overhange

4, TUnless the gap at the flap nose was sealed, the
agddition of cover plates over the nose of a flap with a long
sharp overhang caused the lift available for control to be
less than for the same flap without cover platés and with a
larze noss gap. Tho addition of cover plates also restricted
the maximum flap deflection,

5., The addition of cover plates over the nose of a flap
vith & long sharp-nose overhang adversely affected the hinge-
moment charactaristics unless the air leak through the gop at
the, flap nose was sealed.

6, The hinge moments of the flap with a large blunt-
nose overhang were overbalanced throughout certain ranges of
flap deflections., These characteristics were improved at the
expense of increased drag by sharply taperins the nosge profile
of the overhang,

7. The hinge-moment characteristics of a flap having
a long sharp~nose overhang can be nearly reproduced with a
somewvhat shorter nose overhang of blunt profile and at the
same time tho minimum drag can be appreciably decreased, A
rudder with a long sharp-nose overhang should have slightly
l1sss tendency toward rudder lock in a forced sideslip and
should require slightly loss pedal force to hold gzero side-
slip under unsymmetrical power conditions than a rudder with
a shorter blunt-nose overhang,

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics
Langley Pield, Va,
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TABLE I

ORDINATES FOR A MODIFIED NACA 0015 AIRFOIL

WITH A 0.30c STRAIGHT-CONTOUR FLAP

[Stations ond ordinates in
percent of airfoil chord]

Station Upper surface Lower surface

0 0 0

1.25 Ro 7 -2,37

2.5 3. 27 -3, 27

5. 4,44 -4 ,44

765 5,28 ~5,25
10 5,85 -5,85
15 " 6,68 -6,.68
20 7,17 -7,17
25 704:3 "7543
30 7.50 -7, 50
40 7.25 ~7.235
50 6.62 -6,62
80 5,70 ~5,70
70 4.58 ~4,58
80 5.10 -3,10
90 1.63 -1.63
95 .90 -.90
100 (.16) (=.16)
100 0 0

L. B. radiusg: 2.48
TABLE II

RATIO OF GAP TO VENT WIDTH AT ZERO FLAP DEFLECTION
FOR JARROW, MEDIUM, AND WILE COVER PLATES

Gap/Vert width

Plap--

nose ¥Narrow Medium Wide

gap cover plate cover plate cover plate
Sealed 0.00 0.060 .. 0.00
0.0011c .04 .08 . 21

,0023¢c .09 .18 44

.0050¢c .19 .38 +96
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TABLE ILII

— =T

PARAMETIER VALUSS FOR VARIOUS CCLBINATIONS OF BALAYWCE-IOSE SHAPES,

GAPS, AMD COVER PLATES OF A 0,30c STHAIGHT-CONTOUR FLAP

WiITH A 0.5Ccy BALAKCE OIl AN WAGA 0015 ATRFOIL

Data |Balance- Gover Parameters
rigms | e | |Batesl (300) |(den | (eome) | (Bour) | (B () |(321)
3o/l \38f /ey \ BSfCLQ ‘e /af ocy | " Sunfres
2 Blunt 0.0050¢ | None - | 0,0028 6.0018 -
3 liod. 1 .0050¢ | Kone — .0005 0000
y liod, 2 .0050¢ | None .0005 ~.0010 | ——-
5 Hod. 2 .0050c | Tone .0003 -.0029
6 Sharp .0050¢ | None 0.088 - | ~0.49 ~.0003 -,0052 0.017 | -0.178 0.086
7 Sharp Sealed | Narrow .095 -5l ~-.0012 ~.0035 .015 -.160 .078
g Sharp 0.0Cllc | Farrow .093 ~.ag -.0013 | -.0032 .016 ~.169 Lo7H
9 Sharp .0023¢ | Narrow .089 - -.0015 ~.0039 . 022 -,170 073
10 Sharp .0050¢ | Narrow .087 —-.43 -.0017 -.0Ch2 .025 -.185 072
11 Sharp Sealed | ledium .095 ~,32 ~.0013 | -.0032 .018 ~.155 .075
12 Sharp 0.001lc | Hedium .093 —. ~.0026 ~.00 .022 ~.170 .065
1 Sharp .002%¢ | Medium .093 -.16 -.0027 ~.0040 .020 ~.165 064
1 Sharp .0050¢ | lledium .090 -3 -.0021 -.0052 .023 o173 074
15 Sharp Sealed | Wide .097 ~.53 -.0017 -.0030 016 —~.160 .063
16 Sharp 0.0011c | Wide .093 ~.48 | -20029 —-.00Ls .019 -.172 .066
17 Sharp .0023c | Wide .093 -u7 -.0034 | ~.0054 .020 -.162 .066
18 Sharp .0050¢ | Wide .093 -6 -] ~.,0033 ~.0056 .020 —~.162 .068
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Figure 21.- Variation of flap soction hingo-momont-coofficiont para-
motors with gap sizo for throo cover-plate widths.
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Figure 22.-~ Variation of tho increment of minimum profile-

drag coefficient with gap size for various 0.30c
flaps on an NACA 0015 airfoil. (Data for airfoil-contour flap
taken from reference 2.)
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